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NEAR TERM OBJECTI VES

First Software Delivery. The cloud algorithns outlined in the
ATBDs on O oud Properties, Atnospheric Profiles, and O oud Msk
will continue to be prepared with benchnmark data sets (fromH RS,
AVHRR, and MAS) and delivered to SDST in 1994. Transfer of all
rel ated subroutines fromthe M| DAS R SC environnent to SDST wi | |
be conpleted. Al gorithmexecution on the SDST systemwi |l remain
a large task, since there are known problens related to support
software (UWuse s Ml DAS support software to preprocess and file
dat a; SDST does not).

Cl oud Mask ATBD. The MDI'S O oud Mask ATBD (version 1) wll
evol ve after peer reviewin May 1994. |Input from MOD S Sci ence
Team nmenbers wi || be incorporat ed.

Al gorithm Definition. Processing and cloud algorithmtesting will
continue using the MAS (MDD S Airborne Sinulator) data gathered
during the FIRE (First |SCCP Regional Experiment) in Nov - Dec
1991, TOGA- COARE (Tropi cal Ccean d obal Atnosphere - Coupl ed Ccean
At nospher e Response Experinent) in Jan - Feb 1993, and SCAR-A
(Snoke, d ouds, Aerosol, and Radiation - America) experinment in
July 1993. Al gorithns for atnospheric total colum anount (ozone,
precipitable water vapor, and stability) and profiles (tenperature
and noisture) will be devel oped using the HRS (H gh resol ution

I nfrared Radi ati on Sounder) data fromthese field experinents and
beyond.

d obal doud Study. Pre-MXOD S cloud studies will continue via the
gl obal cloud census with HRS data nowin its fifth year.

Definition of MDD S Infrared Calibration. The calibration of the
MODI S i nfrared channel s continues to denmand attention. Adequate
testing of the MODI S i nstrument before | aunch nust be assured so
that infrared calibration accounts for detector non-Ilinear
response, stray radiation, and angl e dependence of background
radiation. Plans for post-launch validation using the MAS and H' S
(H gh-resolution Interferonmeter Sounder) instrunments will be
refined.

MODI S I nstrument Review. Tradeoffs between product accuracy and
MDI S infrared calibration and spectral selection will continue to
demand attention. Sinulations of MODIS products with MAS and H RS
data shoul d continue to guide instrunment devel opers.



WORK ACCOVPLI SHED

Cl oud Mask ATBD Submitted. The Al gorithm Theoretical Basis
Docurent on "Discrimnating Cear Sky fromdoud with MODI'S" was
finished for April 1994 subm ssion. It was witten in

col  aboration with nenbers of the CERES Sci ence Team The MXDI S
cloud mask will indicate whether a given field of view has an
unobstructed view of the earth surface and additionally whether
that clear viewis affected by cloud shadows. The cloud mask wil |
be generated at the three resolutions of the MOD S data (250
neter, 500 neter, and 1000 neter). Input to the cloud nask
algorithnms is assuned to be calibrated and navigated | evel 1B
data; additionally, the MDD S data is assumed to be neeting

speci fication so that no acconmodation for striping is being made.
The cl oud mask will be determ ned for good data only (ie. fields
of view where the data in the cloud mask channels 1, 2, 6, 8, 19,
22, 26, 27, 29, 31, 32, and 35 have radionetric integrity);

i nconpl ete or bad data will create holes in the cloud nask.

The MODI S cl oud mask algorithmwi |l benefit from previous work to
characterize global cloud cover. The International Satellite
Cloud dimatology Project (ISCCP) has devel oped cl oud detection
schenes using visible and infrared wi ndow radi ances. The NOAA

O oud Advanced Very H gh Resol ution Radi oneter (CLAVR) al gorithm
uses the five visible and infrared channels of the AVHRR for cl oud
detection using spectral and spatial variability tests. COp
Slicing characterizes gl obal high cloud cover, including thin
cirrus, using infrared radi ances in the carbon di oxi de sensitive
portion of the spectrum Additionally, spatial coherence of
infrared radi ances in cloudy and cl ear skies has been used
successfully in regional cloud studies.

C oud Detection with the 1.38 mcron Channel. M S channel 26
(1.38 mcron) uses reflectance thresholds to detect thin cirrus in
t he upper troposphere. Strong atnospheric water vapor absorption
in this spectral region effectively obscures the earth's surface
whil e high cloud reflectance is essentially unattenuated because
of the paucity of water vapor high in the troposphere. NAS 1.8

8 mcron data and Lowtran cal cul ati ons have been used to

i nvestigate the performance of the MODI'S 1. 38 m cron channel
These data indicate that over the majority of the earth
(exceptions being high latitude dry zones and high terrain
regions) the 1.38 mcron reflectance signal will not be

contam nated by surface reflectance. d oud/no cloud and
thin/thick cloud reflectance thresholds will be enployed to
isolate the thin cirrus. This test will be applied in the d oud
Mask only during daytinme conditions.

MAS O oud I nvestigations. |Investigation of cloud paraneters with
MAS data continues. The 11 m cron atnospheric correction has been
nodified to use a T11-T12 brightness tenperature difference from
MAS cl ear scene data. MAS-specific coefficients in this



rel ati onshi p were generated using MAS radi ance sinulations of
TOGA- COARE radi osonde data. A MAS-specific relationship between
preci pitable water and the T11-T12 difference has al so been

devel oped fromsimul ati ons for cases where the sea surface in the
target domain is entirely obscured by cloud. These nodifications
i nprove the estimate of the IR cloud/no cloud threshold

t enperat ure, enhancing detection of |low cloud and thin cirrus
(non-unity emssivity) in the IR channel. Qher nodifications
under consideration are to correct cloud top tenperature for

em ssivity effects using an emssivity estimate either from
visible cloud al bedo or fromthe CX2 techni que, and separati ng
ice and water clouds in relating visible cloud al bedo to visible
cloud optical depth and IR cloud optical depth. The goal of this
effort is to explore how best to use MAS nultispectral data
collectively for determ ning cloud paraneters in preparation for
MODI S data col |l ection

TOGA- COARE Activities. The NASA TOGA- COARE Sci ence Data Wor kshop
Il in March was attended by Chris Meller. Discussions centered
on identification of specific data sets for case study,

i nteraction between the radiation and convective sci ence worKking
groups, updates of data processing plans by individual P.1.s, and
a publication plan. A four page sunmary of the MAS data plan for
TOGA- COARE cl oud studies was submtted by Meller and Menzel for
inclusion in a work shop proceedi ngs docunent. MAS qui ck-I| ook

i magery of radiation group priority days was used to aid in
detail ed selection of priority days/tinmes. The follow ng
days/tines (UTC) were chosen for priority study by the radiation

gr oup:

1) Jan 17-18 (flt 93054) 2330-0015 thin cirrus
2) Feb 31-01 (flt 93058) 2300-0000 thin cirrus
3) Feb 20-21 (flt 93065) 2105-2130 m cr ophysi cs
2357- 0053 thick cirrus
4) Feb 23-24 (flt 93067) 2244-0030 m xed cl ouds;
m crophysi cs; profiling
5) Jan 11-12 (flt 93053) 0245-0345 clear and thin tropopause
cirrus
6) Jan 18-19 (flt 93055) 0230- 0400 transit cirrus;

m cr ophysi cs
7) Feb 08-09 (flt 93062) at end of flt cirrus

I ndi vi dual discussions were held with representatives of other
TOGA- COARE dat asets, including in situ mcrophysical data and ER- 2
and DC-8 lidar data. These data will be useful with MAS data for
MODI S cl oud studies of cloud particle phase, cloud hei ght and

em ssivity, and cloud paraneters. Specific dates/tinmes of
possi bl e conbi ned data sets are under consideration. Interest in
MAS radi ance data has been expressed by the convective science
group for estimating cloud top tenperature of convective cells and
conbi ning with m crowave observations on the ER- 2.

Tri-spectral Coud Phase Algorithm Kathleen Strabal a conti nued
work on the three channel (8, 11 and 12 mcron) brightness



tenperature difference technique for discerning cloud phase. The
t echni que has been applied to MAS straight line flight tracks from
t he TOGA- COARE data sets of 18 January, and 26 January 1993. A
cl ose exam nation of the output phase discrimnation fromthe

aut omat ed software has brought out a few concerns which nust be
addressed. First, better precipitable water (PW to brightness
tenperature difference clear sky regressions need to be determned
for MAS data. Sinulations of TOGA- COARE MAS bri ght ness

t enperat ures fromradi osondes versus the integrated PWval ues
differ fromregressions currently used (devel oped from gl obal

H RS/ AHVRR pr ocessi nhg using adjusted intercepts to account for
bandwi dth differences). Reasons for the regression differences
are currently under investigation. Direct conparisons are
difficult due to a | ack of clear scenes and coi nci dent

radi osondes, but will continue to be sought using 12 January 1993
data. Second, m xed phase scene identification needs to be

i nproved. The current technique is consistently accurate at
detecting single phase cloud scenes; however, the unity slope m
xed phase envelope in the scatter diagramof the 8-11 versus 11-12
m cron brightness tenperature difference can enconpass obvi ous
singl e phase scenes. This occurs nost often when there are two
di stinct single cloud | ayers/phases in the sane | arge box of data
bei ng processed. A nore conpl ex nmaxi mum | i kel i hood estinmator may
aid in solving this problem Third, the accuracy of the tri-spec
tral technique needs to be assessed by conmparing with in situ

m crophysi cal observations. Data processing plans were presented
at the March 1994 NASA TOGA- COARE wor kshop for the DC 8

m crophysi cal data set collected during TOGA-COARE. Dr. Rudolf
Pueschel (NASA/ARC) will process state paraneters and one m nute
averages of mcrophysical data (including derived particle phase)
fromthe data set this summer. These in situ observations wll
serve as a verification data set for MAS cloud particle phase

det erm nati ons.

Aerosol Detection. The results fromthe infrared detection of
Mount Pi natubo aerosols by HRS 8 and 11 micron brightness
tenperature differences were presented by Steve Ackerman at the
AVS conference in January. The results are currently in review
for publication.

Bi omass Burning and SCAR Activities. |In cooperation with the

bi omass burni ng aerosol work funded under a separate NASA contract
NAGWN 3804, Elaine Prins is in the process of devel opi ng and

i npl enenting an algorithmto docunent daily bi omass burning
activity in South Arerica and catal ogue the extent and transpor

t of aerosols associated with burning throughout the region
utilizing GOES VAS visible and IR data (3.9 um 11.2 um and 12.7
um. Prelimnary efforts have focused on GOES VAS data from 24-29
August, 1988 which docunents one of the nobst extensive exanpl es of
snoke/ aerosol transport ever recorded in South Anerica. The

i magery fromthese days provides a unique blend of transport

regi mes and cl oud types (including sem-transparent cirrus and

|l owlevel stratus). This data set is ideal for devel opi ng and



testing a robust al gorithm capable of distinguishing haze
associated with biomass burning activities fromother nulti

-level clouds and | ow | evel noisture. |n our previous work,
snoke/ aerosol transport regimes in South Arerica were inferred by
manual |y tracki ng snoke/ haze tracers in a series of 3 half-hourly
QCES visible and IR images. This process is extrenely tine
consum ng and inefficient. W hope to automate this procedu

re by adapting current autonated GCES VAS cl oud notion vector
software. Prelimnary investigations suggest that the autonated
software is capable of tracki ng snoke/ haze as well as cl ouds.
Results are expected to inprove with the addition of a first guess
field provided by NMC 3 obal GIS upper air and surface

nmet eor ol ogi cal dat a.

Once the algorithmis in place we plan on processing the entire
burn season for 1988 (Jul y-Septenber). The 1988 GCES VAS data set
will cover the entire continent of South America and the Atlantic
Ccean, allowing us to nonitor the burning at its source and
subsequent transport throughout South America and out over the

Atl antic Ccean. The GOES VAS data archive for the tinmes we
requested during the 1988 burning season in South Arerica is over
90% conpl ete and shoul d provide a realistic picture of bionass
burni ng and associ ated aerosol transport for an entire burning
season. W are also ordering NMC d obal GIS upper air and surface
nmet eorol ogi cal data for the sane tine period to initialize and
verify cloud/snoke drift wi nds produced with the GOES VAS dat a.

H RS doud dinmatology. The HRS cloud climatol ogy has been
updat ed t hrough the sunmmer of 1993. Results indicate that the
probability of cirrus has not decreased, but has remained in the
m d 40th percentil e range since the sunmer of 1991. The increase
in high transm ssive cloud has been at the expense of | owopaque
cloud. The climatology is currently being brought up to date

t hrough the wi nter of 1993/ 94.

MAS/ H S/ AVHRR | nt er conpari sons. Steve Ackerman i s investigating
negative 11-12 mcron brightness tenperature differences observed
in AVHRR and MAS i magery. Negative val ues have previously been
attributed to calibration uncertainty because they are

i nconsi stent with the bul k absorption properties of ice and wate
r (which indicate greater absorption at 12 mcrons). However,
occurrence in independent renote sensing instruments has renewed
interest in the topic. Negative differences are found

predom nantly over very cold scenes (high, thick clouds); they
have al so been observed with MAS data over uniformwater cloud sce
nes. Negative values as large as -3 Kfor ice cloud and -1 K for
water cloud indicate their occurrence is not due to truncation
error in MAS dat a.

To further the investigation, radiances fromthe H gh-resol ution
Interferoneter Sounder (H'S) were used to simulate AVHRR, H RS,
and MAS observations under cloud conditions which produce negative
differences. The H' S high spectral resolution (1 cm1), and
calibration accuracy (1 K) enabl es accurate sinulation of



bri ght ness tenperatures when coupled with spectral response
function data for each instrunent. Results of simulations using
several days of H S data collected during CAPE, FIRE and STORMFEST
showed no negative differences over scenes that produced negative
differences in MAS and AVHRR data. Although these results are
sonewhat di scouragi ng, MAS sinulations fromradi osonde data did re
veal different signals for ice and water cloud (the 11 mnus 12

m cron differences were not the sane) when at nospheric absorption
effects were renoved. This suggests that the negative differences
are at |least partially due to the mcrophysical properties of the
clouds. These results will be presented in a poster session next
June at the 7th Conference on Satellite Meteorol ogy and Ccean
ography held in Monterey, California. Investigations into the
cause of the negative differences will continue.

Scientist Conmputer Facility Enhancenent. Software additions to
t he RI SC6000 nodel 370 workstation have continued. This

wor kstation is now the primary MAS data

processi ng/ anal ysi s/ appl i cation environnment. Recently, the
ability to create navigated MAS i nages on the workstati on was
added. This tool, along with the future addition of an external
tape drive (Exabyte or DAT) on the workstation will make it
possi bl e to access MAS data w t hout need of the mainfrane (1B

M 4381) internedi ary, saving on mnainfrane CPU charges, inproving
turnaround time, and increasing flexibility in staging MAS data.

MAS Processing. A dial ogue between UWand SDST concer ni ng
streamining MAS data processing is in progress. CQurrently, UW
and SDST process MAS data into different resultant data fornmats;
UW MAS data into McI DAS conpatible files and SDST MAS data into
HDF files. This dual processing is necessary to maintain full
utility and conpatibility of MAS data for each center. However,
conmon ground i s being sought to reduce data processing
requirenments at UW A plan has been initiated to provide UWwi th
MAS HDF file conpatible software. This provides a link for UNto
convert HDF files to McIDAS conpatible format. Wile UWNresearch
and application projects will continue to require MAS data
processing at UW it is believed that this software exchange w ||
result in some saving of processing requirenents at UWin the
future.

PROBLEMS

Data Format. Solutions are still being sought for the probl em of
data type inconpatibility between the MIDAS (Man conput er
Interactive Data Access Systen) environnent and the HDF format
which is used by the SDST. The problemw || becone nore serious
with time, as all our devel opmental software relies heavily on
uni que McI DAS data formats and calling routines. This issue wll
be addressed at the upcomi ng MODI'S Sci ence Team Meeting in My.
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MEETI NGS

Paul Menzel attended a SDST neeting in Jan 1994 to reaffirmthe
initial set of measurenents required to characterize the infrared
calibration of the MXD S.

UW hosted the neeting of the MODIS O oud Mask Teamon 28 Feb and 1
Mar to di scuss possible algorithnms for cloud nmasking the MODI S
data and to organi ze the witing of the ATBD.

Chris Moeller attended the NASA TOGA- COARE Workshop Il in Mar 1994
to represent MAS data interests and to continue col |l aborative
efforts with nenbers of the science working groups.



